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1
DAMPING ASSEMBLY

The present invention relates to damping assemblies, and
more particularly to damping assemblies utilised to attenuate
and reduce flutter in a gas turbine engine.

A number of factors are relevant to acceptable operation of
a gas turbine engine. In addition to provision of propulsion it
will also be understood that acceptability with regard to envi-
ronmental noise, as well as acceptable maintenance and over-
haul time periods, are required. Environmental noise pro-
duced by gas turbine engines is a concern, particularly when
used for aircraft propulsion, such that acoustic liners are
presented at inlets and within other parts of a cowling for a gas
turbine engine to produce a lower level of noise. In addition to
general noise, gas turbine engines also produce flutter at
certain rotational speeds. Flutter is a self-excited vibration.
When the aerofoils in a blade row vibrate, they generate
unsteady aerodynamic forces on the blade row itself. Under
most conditions, these unsteady aerodynamic forces cause
the blade row to do work on the surrounding air, and the
vibrations decay in amplitude. However, at certain opera-
tional conditions, the surrounding air can do work on the fan
itself. If the work done by the air exceeds the work dissipated
by mechanical damping, then the vibrations will grow. This
instability is known as flutter.

Flutter is undesirable because it can generate large stresses
in an engine. In turn, this may necessitate operating restric-
tions in terms of rotational speeds for the engine. For
example, fan rotor blades are typically susceptible to flutter in
certain fairly narrow rotational speed bands. With regard to
such engines, provision is made to avoid the fans operating in
certain speed bands: by writing the restriction into a flight
manual used by operators; by implementing the restriction in
an engine control system; or by designing the optimum oper-
ating points to be away from these regions. Unfortunately,
such restrictions generally prevent full performance of the fan
and engine being realised. Furthermore, flutter may vary with
engine life and between engines. For example, the leading
edges of fan rotor blades erode in service and generally tend
to develop a rough, flat profile on the leading edge. The fan
becomes more susceptible to flutter as the erosion proceeds.
The flutter behaviour can be improved by restoring the origi-
nal leading edge profile. Thus, it may be possible to avoid fan
flutter in service by the requirement to re-profile leading
edges of the aerofoils after a certain number of flights, but this
adds significantly to maintenance costs and to down time for
the engine and also reduces the life of the aerofoils through
the reworking of the material.

Another factor which can influence fan flutter is intake
shape and configuration. Different designs of intake can have
a significant influence on the conditions at which fan flutter
occurs. These variations are due to a fluttering fan generating
noise. At low fan speeds, this noise cannot propagate
upstream into the intake. However, at high speeds, the noise
can propagate and become problematic. Some of the noise
may propagate out of the intake entirely, and some may be
absorbed by acoustic damping material in the intake. Further-
more, some of it may also be reflected back towards the fan.
This reflected flutter noise produces an unsteady force in the
fan. The amplitude of the unsteady force is dependent on the
amplitude of the reflected wave and this force itself can be
stabilising or destabilising dependent on the phase of the
unsteady force relative to the unsteady blade velocity.

The transmission of flutter noise in an intake can be mod-
elled using computer modelled acoustics. In such simulations
it has been found that at low speed the reflection is relatively
strong, but the phase is stabilising. At higher speeds the
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reflection is weaker but the phase becomes destabilising and
at even higher speeds the phase continues to vary so that
reflection can become stabilising again.

Within many arrangements for gas turbine engines in air-
craft, an acoustic lining is provided at the intake to reduce
environmental noise levels in the aircraft or on the ground.
These noise acoustic liners have been found to improve flutter
behaviour as well, but mainly because they attenuate reflected
flutter noise. As the frequencies associated with flutter are
typically well below the range primarily targeted by available
environmental noise acoustic liners reflected flutter tones are
only partially attenuated. Altering the properties of the noise
acoustic liner to improve absorption of flutter frequencies is
possible, but usually only at the expense of reducing attenu-
ation of the target environmental noise frequency range. It
will be appreciated that within a gas turbine engine space and
weight are at a premium and therefore achieving optimised
performance is a requirement.

In accordance with the present invention there is provided
a damping assembly for flutter in a duct of a gas turbine
engine, and a gas turbine engine incorporating such a damp-
ing assembly, as set out in the claims. The damping assembly
may comprise a flutter damper and an acoustic environmental
noise damper, the flutter damper including at least one resis-
tive element in conjunction with at least one resonant cham-
ber.

Embodiments of the present invention will now be
described by way of example and with reference to the
accompanying drawings in which:

FIG. 1 is a schematic side cross section of a first embodi-
ment of a damping assembly in accordance with the present
invention;

FIG. 2 is a schematic side cross section of a second embodi-
ment of a damping assembly in accordance with the present
invention;

FIG. 3 is a schematic illustration of a third embodiment of
a damping assembly in accordance with the present inven-
tion;

FIG. 4 is a schematic side cross section of a fourth embodi-
ment of a damping assembly in accordance with the present
invention;

FIG. 5 is a schematic side cross section of a fifth embodi-
ment of a damping arrangement in accordance with the
present invention;

FIG. 6 is a schematic side cross section of a sixth embodi-
ment of a damping assembly in accordance with the present
invention;

FIG. 7 is a part front cross section of a seventh embodiment
of'a damping assembly in accordance with the present inven-
tion;

FIG. 8 is a schematic axial half side cross section of a gas
turbine engine inlet;

FIG. 9 is a schematic radial cross-section of a gas turbine
intake showing an embodiment of a damping assembly in
accordance with the present invention; and

FIG. 10 shows the results for a very narrow flutter damper
with non-dimensional length [./R=0.052 where R is the
radius of fan tip leading edge.

A fluttering fan blade generates an acoustic tone with a
characteristic frequency. This flutter acoustic wave is par-
tially reflected from the intake system. Depending on the
phase of the reflected wave relative to the outgoing wave, the
reflected wave may stabilise or destabilise the fan for flutter.
A computational acoustics code (ACTRAN) has been used in
conjunction with a computational fluid dynamics code (HY-
DRA), to calculate the amplitude and phase of the reflection
coefficient from the intake system. This approach has been
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used to determine the optimum acoustic impedance of a short
length of the casing wall upstream of the fan, to eliminate
flutter at certain key operating points. The optimum imped-
ance is resistance between 0.2 pc and 1.0 pc (where p is the
local air density, and c is the speed of sound), and reactance
between -2.1 pc and -1.3 pc. but impedances in the range,
resistance from 0.02 pc to 2.0 pc and reactance from -3.0 pc
to —-0.6 pc can be moderately effective.

As indicated above, control of flutter would have signifi-
cant benefits with respect to engine design. However, if flutter
behaviour of an engine needs to be improved significantly,
then attempting to address both flutter and noise with the
same liner is not an attractive proposition. On modern civil
aeronautical gas turbine engines the noise liner normally
occupies almost all ofthe available area in the intake (see later
with regard to FIG. 8). In such circumstances increasing the
area of an existing noise liner is not usually possible or prac-
ticable.

In accordance with the present invention, an alternative
approach is taken in which two sets of dampers are provided.
One damper in the liner is targeted at environmental noise and
another damper configured for flutter control. By optimising
the acoustic properties of the particular damper for flutter
control, the area necessary to achieve the required flutter
behaviour can be reduced minimising cost and weight. In
such circumstances, the available area for an existing noise
liner is only slightly reduced. The flutter damper does attenu-
ate environmental noise to some extent. So replacing a small
percentage of the noise liner with a flutter damper is not
anticipated to significantly reduce attenuation of environ-
mental noise.

The present invention relates to providing acoustic damp-
ers which are optimised for flutter behaviour control. In order
not to unduly disturb or reduce normal noise attenuation,
damping assemblies utilised for flutter control in accordance
with the present invention will be arranged to be both opti-
mised and minimised in terms of duct surface area they
occupy. It will be appreciated that the particular damper
assembly will depend upon the flutter frequency it is desired
to attenuate or reduce. FIG. 10 as described later illustrates
the relative reactance at a flutter frequency against resistance
at that flutter frequency where the non-dimensional length
L/R=0.052 where R is the radius of a fan tip leading edge in
a gas turbine engine. In order to produce the graphic repre-
sentation depicted in FIG. 10, a model is provided in which
consideration ofa fan duct and intake in front of a fan is made.
The model utilises a large volume around the nacelle so that
transmission of noise out of the intake was accurately deter-
mined. A fluttering fan was represented by a tone with the
correct frequency and radial/circumferential pressure distri-
bution. The amplitude and phase at the fan plane was moni-
tored. The acoustic properties of a short length of casing wall
were modified to represent a flutter damper assembly in
accordance with the present invention. The acoustic proper-
ties of the damper, that is to say reactance and resistance at the
desired flutter frequency were varied systematically. For each
damper assembly configuration, calculations were carried out
over a wide range of fan speeds to ensure that the optimised
flutter damper assembly is effective at all such speeds. In FIG.
10 the results show that a very narrow flutter damper assem-
bly with the non-dimensional length [./R=0.052 can be highly
effective if it has acoustic properties in region 1 and partially
effective if it has acoustic properties in region 2. Region 1
provides in the range 75% to 100% improvement in the flutter
margin due to the flutter damper assembly relative to the
improvement in the margin which would occur if the ampli-
tude of reflected flutter noise was reduced to zero. Flutter
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liners have previously been used on a military aircraft. The
flutter liner was designed to have acoustic properties substan-
tially at the point marked 3. The flutter liner had large axial
extent, to achieve acceptable flutter attenuation. This was
acceptable for a military aircraft, for which community noise
was not a consideration. But community noise is a major
consideration for civil aircraft. Given the constraints on total
liner area, it would probably not be possible for a civil aircraft
to meet its community noise targets with a flutter liner of this
extent.

It is known that to be effective, flutter attenuating assem-
blies must have a resistance and reactance at the flutter fre-
quency which is well outside the range of existing typical
intake noise acoustic liners at the flutter frequency. Whilst
flutter attenuating assemblies with acoustic properties at the
desired flutter frequency in the range greater than 0.02 and
less than 2.0 resistance and in the range -3.0 to —0.6 in terms
of reactance can be effective, it is more desirable to provide
flutter attenuating assemblies which have acoustic properties
at the desired flutter frequency in the range 0.2 to 1.0 resis-
tance and -2.1 to —1.3 in terms of reactance. Traditionally
these values are not available as acoustic liners are designed
to attenuate engine noise of a higher frequency than flutter.
The values of resistance and reactance quoted above have
been non-dimensionalised by pc, (where p is the local air
density, and c is the speed of sound).

Inview of the above, what is required is a damper assembly
which has acoustic properties which are optimised at the
particular flutter frequency. Examples of such resonators are
described below with regard to FIGS. 1 to 7.

As the resonators used in accordance with the present
invention are optimised at their particular desired flutter fre-
quency, it will be appreciated that the damper assemblies can
be very narrow and are, therefore, more acceptable and effec-
tive. Furthermore, it is preferable that the flutter damping
assembly is near to the source of flutter. If the flutter damper
is close to the fan in a gas turbine engine and therefore the
source of flutter then the phase of the wave reflected back
from the flutter damper assembly is stabilising over a wide
range of fan speeds. If the flutter damper assembly is a sig-
nificant distance upstream of the fan, that is to say the source
of flutter, the phase of this component and the reflected wave
is no longer necessarily stabilising and the effectiveness of
the flutter damper assembly drops significantly.

Flutter can occur in a number of patterns. Different circum-
ferential patterns are possible. Similarly all fan blades may
vibrate in a different mode. Each of these patterns is associ-
ated with a characteristic flutter frequency. For most fan and
inlet systems, a few flutter patterns are of practical interest
and these patterns will have similar characteristic flutter fre-
quencies. Thus a single optimised narrow flutter damper
assembly, in accordance with the present invention, will gen-
erally be adequate to improve overall flutter behaviour in
most gas turbine engines. Occasionally, a fan may suffer from
inadequate operating ranges in flutter mode with a wider
range of frequencies. In this case, it may be necessary to
increase the length of a flutter damper. In this specialist case,
it may be best to have two or more adjacent narrow flutter
damper assemblies to act on two or more desired flutter fre-
quency bands. Clearly, this would double or triple the total
length of the overall flutter damper assembly in the liner.
Alternatively, alesser increase in flutter damper length will be
achieved by using a single form of flutter damper assembly in
terms of the resonator used and using a slightly higher resis-
tance in terms of damper characteristics for the acoustic
waves of the flutter disturbance. Increasing damper assembly
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resistance will reduce peak attenuation but increase the range
of frequencies for which the damper assembly is effective.

As illustrated with regard to FIG. 10, the best use of very
short width flutter damper assemblies can have an effect on
flutter almost comparable with eliminating reflected flutter
noise entirely. This improvement in flutter behaviour is likely
to be sufficient in most cases. However, where greater
improvement is required, it may be possible to provide such
improvement by considerably increasing the non-dimen-
sional length of the flutter assembly in terms of width to
radius. The optimum acoustic properties for a wide flutter
damper assembly are not generally the same as those for a
narrow substantially single desired flutter frequency damper
assembly. Altering damper properties may generally not be an
appealing prospect as the volume of the flutter damper assem-
bly will tend to increase even further. For example, if a flutter
damper assembly were to take a conventional acoustic liner
form, then a large increase in liner depth in addition to a large
increase in flutter liner length would be required for only a
slight improvement in flutter behaviour over flutter response
levels achieved through specific design of narrow but tuned
flutter damping assemblies in accordance with the present
invention.

A conventional acoustic liner used for relatively high fre-
quency noise sound attenuation, comprises a first layer and a
second layer of material sandwiching a core, typically formed
from a honeycomb or other labyrinthine structure to provide
attenuation for absorption as well as resonance effects.
Damping assemblies in accordance with the present invention
are generally combined with such existing liners to meet
accumulated constraints. Thus, as depicted in FIG. 1 a
damper assembly 1 is provided in which an acoustic liner 2
comprises a first layer 3 and a second layer 4. The first layer
3 incorporates perforations 5 in accordance with conventional
configurations to provide for relatively high frequency noise
attenuation in conjunction with a labyrinthine core 6. Gener-
ally, the second surface 4, where used as a normal acoustic
liner, has no holes, and particularly attenuates relatively high
frequency environmental noise. In accordance with the
present invention, the second layer 4 also incorporates perfo-
rations 7. These second perforations 7 are required to allow
the desired lower frequency flutter acoustic noise to enter a
resonator 8. The resonator 78 comprises at least one chamber
within which further honeycomb or other labyrinthine attenu-
ating structures 9 are provided to attenuate the flutter acoustic
noise. The chamber 8 has to be a relatively large size to
dampen and attenuate the flutter acoustic noise. At least part
of the chamber 8 is flexible to absorb acoustic energy.

Generally, the perforations 7 are substantially aligned with
the opposed perforations 5 in the first layer 3, to allow transfer
of the flutter wave for attenuation within the resonator 8.
Alternatively, the perforations 7 may not be aligned with the
perforations 5 in order to alter the resistance and reactance to
flutter wave flow and therefore alter and tune the attenuation
response. It will also be appreciated that the distribution in
size of the apertures 7, as well as the apertures 5, in the
overlapping portion of the liner 1, in accordance with the
present invention, may have similar sizes or different sizes
and distributions again to alter resistance and reactance as
well as tune attenuation at the flutter frequency. The apertures
5, 7 will generally be round or slotted or oval. However,
different shapes and configurations such as rows of slots
staggered or aligned or arranged to have perpendicular rela-
tionships to each other, may be provided again to alter resis-
tance and reactance for damping and attenuation tuning.

As will be appreciated, the size of the resonator 8 will
depend upon the flutter frequency to be attenuated. Typically,
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to attenuate a flutter frequency in the order of 120 Hertz, the
resonator 8 will have a height 10 in the order of 20 to 25 cm
but this will depend upon the porosity of the perforations 5, 7,
their distribution and the nature of the attenuating structure 9.
As indicated above, a combination of a damper assembly 1 in
accordance with the present invention within a gas turbine
engine will typically be in addition to existing acoustic lin-
ings. In such circumstances the resonator 8 will generally
have a width 11 in the order of 5 to 10 cm.

As indicated above, resistance and reactance to flutter wave
flow is a significant factor with respect of attenuation. In such
circumstances the porosity, that is to say the open space in the
surfaces 3, 4 of the acoustic liner wall 2, will be altered and
adjusted for particular performance. Typically, the porosity
will be in the range 8% to 20% of the available area in the
respective surface 3, 4. The porosity may be different in each
layer 3, 4. It will be understood the higher the porosity, the
lower the resistance to acoustic wave flow.

It will be noted that it is possible to provide a so called
septum layer 12 in the normal acoustic liner wall 2. In accor-
dance with the present invention, this septum layer 12 is
removed in the region of the damper assembly opposite the
resonator 8 and perforations 7 in most instances, to achieve
the required resistance and reactance for the flutter liner.

In some circumstances, a simpler liner as depicted in FIG.
2 may be provided.

Aliner 20 depicted in FIG. 2 in accordance with the present
invention, is a substantially solid sheet of material with per-
forations 27 provided in the damper assembly area with a
resonator 28 and attenuating structure provided. A damper
assembly comprises a resonator 28 which will be tuned to the
particular flutter frequency to provide damping.

Accommodation within the casing for an engine may be
difficult with a perpendicularly directed resonator as depicted
in FIG. 1 or FIG. 2. It will be understood that space and weight
are typically at a premium within a gas turbine engine when
utilised within an aircraft. In such circumstances as depicted
in FIG. 3 a resonator 38 can be turned to align laterally along
the liner wall 32 to reduce the height 30 of the arrangement
whilst maintaining length for attenuation. As indicated pre-
viously respective apertures 35, 37 are provided in a first
surface 33 and a second surface 34 in order to receive acoustic
flutter waves. The positioning, shaping and otherwise distri-
bution of the perforations and apertures 35, 37 will depend
upon the required reactance and resistance for acoustic
attenuation in use. It will be noted that a turning surface 31
may be flat or curved dependent on requirements with respect
to attenuation within the labyrinthine attenuating structure
39, which as indicated is typically in the form of a honey-
comb.

An alternative fourth embodiment of an assembly 41 in
accordance with the present invention is depicted in FIG. 4.
Again, an acoustic liner 42 is provided comprising a first layer
43 and a second layer 44 with a core 46 between them. The
acoustic liner 42, as indicated before, will provide attenuation
of community noise. In this embodiment, a resonator 48 is
provided of a Helmholtz type. Thus, the volume of the reso-
nator 48 as well as the inlet aperture 47 in a perforation to
define a pipe will determine the desired flutter frequency
attenuated by the resonator 48. A Helmholtz resonator has no
attenuating structure within it. The damping characteristics as
indicated depend upon the volume of the resonator 48 as well
as the neck configuration particularly of the pipe forming the
inlet perforation or aperture 47. In such circumstances, again,
the desired flutter frequency will be significantly attenuated
by the resonator 48.
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A further fifth alternative embodiment provides a further
refinement as depicted in FIG. 5 of a resonator 58 located in
an acoustic liner 52. Similar reference nomenclature has been
utilised to that with regard to figures described previously but
incremented by 10 to show equivalent elements. As previ-
ously, the resonator 58 is a Helmholtz resonator and it is the
volume of the resonator as well as the shape and configuration
of'the inlet perforation pipe aperture 57 which will determine
the desired flutter frequency attenuated by a damper assembly
51. As can be seen, the resonator 58 extends laterally along
the rear of the liner wall 52 to reduce depth 59 and therefore
improve acceptability for accommodation within a gas tur-
bine engine.

It will be appreciated, as indicated, with regard to particu-
larly Helmholtz resonators, the shape of the inlet perforation
or aperture significantly effects and tunes the flutter fre-
quency. In such circumstances, as depicted in FIG. 6 and FIG.
7, respective Helmholtz resonators 68, 78 are provided of a
size to provide a characteristic flutter frequency attenuation in
accordance with the present invention. In particular with
regard to FIG. 6 and FIG. 7 it will be noted that the inlet
perforation or aperture 67, 77 is angled or provided particular
at a neck portion to provide or achieve tuning with respect to
the flutter frequency attenuated. It will be noted that the
resonators 67, 68 are located respectively in typical acoustic
liner walls 62, 72. In such circumstances the resonator 68, 78
will act upon the flutter frequency to provide attenuation over
a short width of the overall damper assemblies 61, 71 and so
improve performance.

As indicated above, space within an engine cowling of a
gas turbine engine will typically be restricted and be at a
premium. FIG. 8 provides a schematic illustration showing an
engine 81 having a core engine 82 and blades 83 rotating
about an axis X-X. The blades 83 rotate within a casing 84
which, as described previously, incorporates an acoustic lin-
ing 85 to reduce noise emissions from the engine 81. The
normal acoustic noise lining wall 85 will typically extend for
a considerable distance within the casing 84 but it is advan-
tageous to position a damper assembly in terms of a resonator
for the desired attenuation of the flutter frequency at a posi-
tion near to the source, that is to say the blades 83. Thus, as
indicated, an assembly, in accordance with the present inven-
tion, at least preferably positions the resonator 86 near to the
blades 83. Such positioning limits the available space and
width 87. In accordance with the present invention space and
other requirements may necessitate consideration of the
means for provision of the resonators.

FIG. 9 illustrates one approach to accommodating a reso-
nator within a small area. In such circumstances in a front part
cross section, as can be seen, resonators 98 extend radially in
a curved fan in order to achieve the desired length for attenu-
ation at the flutter frequency. Thus, within the small space and
width 87 as depicted in FIG. 8, resonators of appropriate
length can be achieved. However, care must be taken as illus-
trated, that the angular presentation of the resonators does not
choke the resonator. As can be seen with the broken line
resonator 108, if the entrance width 101 is significantly
greater than the width of the resonator 108, then there will be
constriction of acoustic wave flow which will basically sig-
nificantly alter the attenuation characteristics. In such cir-
cumstances, although curved or fluted configurations as
depicted with regard to resonator 98 and angular presentation
can be achieved, as depicted with resonator 108 control of the
entrance width to resonator width must be maintained. In
such circumstances the angle 99 of the association with a core
engine 91 need not be 90 degrees but must be such that any
constriction is limited.
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With the above approaches attenuation of a flutter fre-
quency can be achieved in combination with an existing liner
wall utilised in a gas turbine engine. As depicted in FIG. 10,
levels of attenuation can be varied and on occasion compro-
mises made between achieving absolute attenuation and pro-
portional attenuation due to the limited space to accommo-
date the resonator and other elements of damper assembly in
accordance with the present invention. Nevertheless, as
graphically depicted in FIG. 10 achievement of some desir-
able attenuation is possible.

Alterations and modifications to aspects of the present
invention will be appreciated by those skilled in the technol-
ogy. Thus, for example where space is available more than
one resonator may be provided within a damper assembly in
accordance with the present invention. Furthermore, these
resonators may be tuned for different respective flutter fre-
quencies where, under certain circumstances, second flutter
frequencies may occur at certain rotation speeds or opera-
tional conditions.

The invention claimed is:

1. A damping assembly in a duct of a gas turbine engine
having a rotational axis, the damping assembly comprising:

a flutter damper and an acoustic environmental noise

damper each having an inlet extending over a respective

axial extent of the gas turbine engine, wherein:

the acoustic environmental noise damper comprises a
resistive element formed by a liner wall provided in
the duct, the liner wall comprising a noise attenuation
core, a first layer and a second layer, and the core
extending from the first layer to the second layer so as
to fill the space between the first layer and the second
layer;

the flutter damper includes the resistive element in con-
junction with at least one resonant chamber, the com-
bination of the resistive element and the resonant
chamber configured to attenuate a desired flutter
acoustic frequency by matching outward waves and
reflected waves, and the attenuation of flutter being
achieved by providing the resistance of the combina-
tion between 0.02 pc and 2.0 pc and the reactance
between -3.0 pc and -0.6 pc, where p is the local air
density, and c is the speed of sound;

the resistive element includes perforation arrangements
in the first layer and the second layer, the perforation
arrangement in the second layer allowing the flutter
acoustic noise to pass into the resonant chamber from
the resistive element via the noise attenuation core;

the axial extent of the inlet of the flutter damper is less
than the axial extent of the inlet of the acoustic envi-
ronmental noise damper; and

the resonant chamber is turned so as to have a length that
is aligned with the axial direction of the gas turbine
engine, with the length of the resonant chamber
extending over a greater axial extent than the perfo-
ration arrangement in the second layer.

2. The damping assembly as claimed in claim 1, the resis-
tance of the combination being between 0.2 pc and 1.0 pc and
the reactance being between -2.1 pc and -1.3 pc.

3. The damping assembly as claimed in claim 1 wherein the
perforation arrangement in the first layer is not the same as the
perforation arrangement in the second layer.

4. The damping assembly as claimed in claim 1 wherein the
perforation arrangements in the first layer and in the second
layer are not aligned with each other.

5. The damping assembly as claimed in claim 1 wherein
each perforation arrangement has a porosity, in the order of
8% to 20% of the surface area in the perforation arrangement.
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6. The damping assembly as claimed in claim 1 wherein at
least part of the resonant chamber is flexible to absorb acous-
tic energy.

7. The damping assembly as claimed in claim 1 wherein the
resonant chamber comprises an attenuating structure to alter 5
attenuation of the desired flutter acoustic frequency.

8. A gas turbine engine incorporating a damping assembly
as claimed in claim 1.
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